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chiefly the outsider who becomes ill in such places. of the spirals or "waves" averages I IA. These

Usually soldiers, hunters, field workers, and measurements are highly dependent on the stain
tourists are the victims of tick-borne relapsing used on the organisms. The strains cannot be
fever. Sometimes the tick vector is associated differentiated by size (247). Manson and Thorn-
with domestic animals, like sheep in the Kashmir ton (200) saw predominantly short forms in East
(169), creating a hazard to their tenders, or with and West Africa; Hindle (159) found elongated
fowl kept in living huts, as in East Africa (284). borreliae in Central Africa. In Indochina (208)

It is the purivose of this contribution to review and in Addis Ababa during the Italian occupa-
critically current information on borreliac, their tion (259), slender as well as very short forms
relationship to insect vectors, the pathology of were recorded. Just before the crisis in relapsing
experimental infection, and the immunology and fever, when the number of borreliae in the blood
laboratory diagnosis of human relapsing fever, of the patient decreases, bizarre forms appear.

These forms are often less motile and accumulate
TAXONOMY in rosettes, owing to adhesin activity (vide infra).

The genus Borrelia Swellengrebel 1907 belongs Variations in morphology often appear when
in the family Trep~onemataceae Robinson 1948 the organisms are transferred to a heterologous
of the order Spirochaetales, Buchanan 1918. animal. One strain of B. recurrentis showedAs a result of numerous considerations, the hu- abundant, irregular, bent, ringlike, small and

n t thin forms in animals infected with human blood
man-pathogenic members of this genus were in which such forms were not seen (271). The
(and still are) often designated by different names, inrwhich uc forms wee not se (21) The
such as Spirilham, Spirochaeta, Spirocheta, morphology of borrelian may also vary during
Spirochaete, Spironema, Treponema, Protomy- subsequent attacksh in the same uatient (269).
-etuim, and others. Practical differentiation of the These morohological changes are due to the
organisms belonging in the family Treponema- action of antibodies.
taceae was suggested by Davis (95) and Hindle Borreliae have no undulating membrane, but
(a e, 158, 159). they do have a contractile axia! filament of

The classification of the strains within the protoplasmic nature covered by a I eriplast. This
genus Boirelia is greatly hampered by their filament is said to be essential for the penetrat-

immunological mutations in the host during the ing ability of Borrela. Numerous flagella were
bouts of relapsing fever (175), and also under observed in a substrain of B. noeui which had

the influence of other environmental factors been perpetuated in the laboratory for many

(136), including the seasons (31). Because of the years, the origin of which was spurious (190).

close relationship of arthropod species to specific Optical microscopy shows only one short teriAi-

Borrelia strains, the "one vector-one species" con- nal filament (158), which is especially apparent

cept has been developed, and numerous authors after division.

(93, 96, 160, 167, 280) have strongly advocated . abudieri (12, 13) and Babudieri and Boc- oft

the nan ing of borreliae according to their ciarelli (15) examined B. recurren6ia and the

vectors. Since louse-borne strains differ from novyi strain with an electron microscope. They

tick-borne strains not only epidemiologically but found one end rounded and the other pointed

also in animal experiments, the presently used during the resting stage. The protoplasmn was
separation of louse-borne and tick-borne re- homogenous with few vacuoles and granules.
lapsing fever has been maintained throughout These authors did not see an axial filament, but
this reporti they verified the presence of an undulating

ths e e n ette n vr membrane along the entire length of the orga-
Table 1 enumerattes the relapsing-fever Bar-nin;thsm brecolbeacaedno

rdia strains well defined at l)resent, together with nisbes; this membrane ctuld w e mae•erated into

their tick hosts. Borreliae causing animal dis- fibers. Similar structur.s wen- seen in t.ypano.

ease only are not included. However, strains somata.

suspected of being the causative agents of human Kawata (173) worked with B. dttonii. He sw
disease,although they have no'. been fully proved a distinct cell menthrane, threadlike fibrous andiathogenic for hmn, arve listee, granular structures similar to the nuclear appa-

ratus of bacteria, and dense areas resembling
.I uORP11,0GYt nuclear sites. He (174) believed that B. dutionji

has a foamy envelope which is dissolved in so-
Aiorreliac are usually 10 to 20 u long and 0.2 dium h•eoxycholate. Kawata oleerved 20 to 25

to 0.3 t wide, hut their length can range from 9 fibrils on the surface of the cell wall. Eletronm
to 40 p and their width from 0.2 to 0.5 U (159, microsoly revealed neither mitochondria nwr a
159). They have 3 to 6. anti -ometimes even limiting membrane between the cytoplasm anld
10, spirals; the average is 5 to 7. The amplitude the nuclear sone. Logren antd soule (19"), ex-
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TABL.E 1. liorreliae and their r'ectors"

Group iRrdaVector

ILouse-borne H. rectirrentia Lebert 1874 Pedieuisua hiwianas Linn~aeus 1758
(B. oberinejeri Cohn 1875)
1B. bed'era S4ergent and Foley 1910J
[B. carteri Mackie 19107!
[B. novyi Schellack 19071
[B. kochi Novy 1907 = B rossi Nuttal

19081
(B. aegypticaP'

Tick-horne IOrnithodoress, Koeh 1844
(Ornithodoros),

B. hispanica tie Bueti 1921i 0. errativis erraticus Lucas 1841)
[B. hispanica var. niaroccana Breeze 19091j ("large" form of 0. erraticas)
[B. hiapanica var. inansouriall k0. erraticiis var. inaroccanu~s)"

(0. ,naroccaniue Velti 1919)

B. crocidiirae leger 1917 group:" 0. erraticus sonart S4avtet, Maritette, and
i B. crocid,,rae Leger 1917 Nitowsky 1944

B. ,nicroli ltafyi 1947 ("smiall form'' of 0. erraticitsI)
B. meronesi Blanc andI Maurice 1947
B. dipodilli Ileisch 1950

11. dittioni Novy and Knapp 11MN 0. moubata Murray 1877 (tit least four

0. 8avignyi Avdoin 18274
B. granigeri Ileiseit 1953m 0. granigeri hleiseli 1!)5:'

B. Persica 1 schunkuiwsky 1913 0I. thilzanid Lablmulbetie and Mi-guin W421
1B. uzbekislana Pikoul 19281 (9). papillipes Birula 1895)
[B. sogdiana Xico,'le anid Anderson 19281 (C.enu Bup 99
JB. babylonensis Br mnip~t 19391 10. asperpia Warburton 1918 =var.

babylonennisl
10. persepotensiiul"
10. parb'ovs'k!,iI"

i 0. neerensix l'avlovskvif
B. cahEEaxief Nlaravachvili 19.45 0. verrisroossu (leniev, 75asukhin, andti Feitik

1934
It turkmenicqgl. 0. cholodkoa'skti lPavlovskii 1I30

BI. 14'' e'enniq llrunipt 1921 0. ruadix Karsch 1884)
(ft. Bu~.pe IiuBte-4 11nd St. Jl1111 (0. P'enevielenaxim lrumpt 1921)

1. tnnam811ed
2. B. maiuzzolii Maaiaimt 19143 0. hluabsi ( hn-rio-MNi'-nevillel 1849'
B. parkeri D av.is 19142 i0. puirku'ri Coosley 1930;
It. Inrieualaes lrunapt 11M 1 0. 111ricala I ug~'s 18741;
B. Arrinni DaIvis 1114.) h)eAreni Wheeler, tlerins, mid Meyer 1145
B. brasiti'nsix Da~vis 1952 i0. breaxiliensix Armplo-Bemurepaire IWO1

" Natm~es eiitIsetl hin aei ee r Viiv those in loraceki-mti re possibily submpeciesbut perhapkis

b D)ewript ion nit eleair enough it, warrantt ftill ar-rejttiit~iP.
Notilencacit urt' no~t settled,

dNost entablishod it" vetctor.
'Probaibly hasm subtypes.
S0. nurcri-mai is also mujljwosel ito urrY IB. Iuatishee'ai.
Pat hoteituicity for man imnot full.% estalplisheil.



amnining the~ B. nory1 i, found smooth cell walls and~ "granular," circulate in the blood (2s). Chorine
a granulatedi or inotiledl pr'otoplasmt; piointed et al. (77) found only~ a fe small, coccoid or
tips, sometimes with a heavy terminal filament, granular forms oef Borrelia passing throug~h hac-
were frequently seen. Flagella-like fibevrs, swel- teriological filter.-4. Perhaps granular and small
ling, andl granulation with free or attached heavy forms (including fiagmnens) ima.s through filters
granules were p~roducedl. Misllwrt (210) observed when the pressure is high enough, b~ut the exist-
a fibrillar band consistitig of 1 X to 20 single ence of filtrable or invisib~le formats of Borreii*
fibrils connec'ted with an activator membrane. has not been ptroved as yet.

These findings are- not wholly consistent with When lwwreliae break off into smaller formis
observations made under an opltical microscopie, during the crisis of an attack, (degenerative frag-
an(I surther research with the use of dlifferent ments and granules canl fie see'n (2S7). .Johnstone
%trains is desirab~le. (167) classified granules into two groups: one

Borreliae are- flexible organisms. I obiell (108) group representing peart of the life cycle of Bor-
jujinted out that aulterioliosterior xmlarity is relia, andl the other originating from a elegenera.
compllletely absent in them. ('onse-quently, imove- tive lpr(cess. lturgdorfer (5S), working with
mient is iiossible in the dlirection of either end. ()rnitiiodorums moubala, found a reduction in sim4
liorreliat' move back and forth over a distance of of Imrreliae in passage, but he coJuld1 not confirm
two to three times their length. Their locomotion their role in a suplisied life cycle. H-eisech et al.
may be. (15$, 159) (i) POrkwrew-like; (ii) wave- (149, 149, 153) observed coarse, irregular. strue-
like, forwards and backwards; or (iii) by lateral tureless granules in lice, which couldl not lie proved
bending and looping, to lm- a developmental stage but had to lxe co1-

Aekerrnann anti Prota:sov (1) stated that the sidleredl breakdown prodlucts.
type of movement dlepends on external condi- llorreliae certainly undergo Iat4rjpltlogtc~l
tions. InI guinea pig blood, their (Central Asian variations, but it is questionable whether they
strain showed serpentine as well as rotary move- have a life cycle which inm-ludes atypeical anid
snent, and fornied rings as a p~rotective measikre, granular forms-. Fluorescence microscopy piermits

Apparently the movement of horreliae, like observation of granular formis, which alilx,-vr z-
their morphology, mnay vary undler the influence he breakdownm products and inv-olutlmr forni'z
of antibodies, rather than ev')lutionary stages (Felsenfeld,

Ilorreliae multiply býy transverse (division. unpublised data),
D)uring this process, the two halvesý become sonie-
what entwined preparatory to finial separation S*TAISINxG
(174), which may give the impresksion of longi-
tudine&l division. The division takes 10 :.ý; 15 llorreliae -an 1x, stained with practically any
mini. Unusually long forms, sometimes swen in anilinle dy e (M), butl acid dyes are most vffee-

blood and desc-ribied in Central African relaps ing five (2)45). Dut (109) dloheinoglobiztizeol the Aides,
fever b% Hindle (159), are the result of end-to-end with 61 ' acetic acid in 95', ethylI alcohol for 5 see-; .

attachment after dlivision. I uaing fissionl, the he then stained themn with carhiol fuchsin for I
organism constricts in the middle, and the peri- min. This is a simple prnM1elure andi is feasible,
plas-A can lie seen ns a threadlike structure. Ylhiý; also for thick smnears.
structure may he considered a flagellum after Silver stains ane not easy to use. and there
the' process- of (division has becen conipleted. is a danger of prtcip~itations which mnay 6, mis-

11orreliae ar-el5*dom found in the blood during interpreted as granular formis. NMoreover. silv-er
intervals betweei, relapises. Th'e' verelllreosliial impregnaIttitiona chantig the mnorphologyv of the
fluid rmuaipis infec-tious in expieriiieittal animals organtismis.
after the organisms have disappieare from the Rtoutine blimmd stains ((ienasa, lt'mnanow.-ki,
blood, hut here, *As in ticksi andi lice durnig the Wright, [A-611h1101) are Oftel U-44d. ProlOngedl
lierienl when hiorreliae are' leaving t hiejsoniacla anti staiining is ro~oiunnwnded.
reappevar in the celoinic cavity (so-called *'nega- ('oh-s MX) also recommended a prolongedi
tive plhase"). organismsj. are spldom, eObrvtmd. (12 to *% lhr) staininx oft mir-dried and ethyli
Granules of unexp~lained origin may Im. found in alcohol-fixeil smears. After %%astinjL off t&.

biodY fluids andi some organs during the entire ( itensuA tain. orange tanininl was- pouired oti the.
elisetiase. Thlus, theories4 have lieell pubtlishe.11illi slidecs for 15 stain, for differentiation. A finial
which a life cyc-le oef Borrrdin. includingl invis4ible washinc followed.
ort granular forms, was. dt'scnlbed. Our inethoel (lFelm-lfelid. emublpeddiard dauta)

So-calledl ietsarvclic forms were *tudlwd by conslists (if .taining witht Wright- mtain followed
l'.altasard et akl. (ii). These workers ugetdby thie application1 of it 1I crystal výilet -wilut ion
that "invi--ible" formis, either "filtrable" or for 10 to) .1) -4.
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Vagoi (27i) introdluced Mercurofchrome in the at I I to 15 C, anti 4 days at 37 C. In isolated
stainig of Borrelin. Mercurochrome alone does~ organs,, it survived for 7 dlays at 0 to 8 C, but in
not stain intensively enough anti 6s not taken up cadavers kept at roomt temperature it survived
unifoinnly by the organisrms in the presence of for only 4 day-,. T7he strain died, however, at

serum. 15 or -20 C within 2 davs. On the other hand,
Young (295). in an effort to avoid d(li4ortion W.eyer and Mooser (299() were able to keel) several

(if thle organisms 'lue to fixation, stained the Borrelia strains alive fo~r I year at -72 C.
organisms for 3 min with a concentrated aquetous Freezing and thawing the organisms three or more
solutitiii of Mieretrofhrome, rinsed them with times destroyed them (197). These findings show
(listilledi water, appliedl concentrated aqueouts the great variability of the survival time of blor.
methyl violet, wa-shed them with distilled water, reline.
anti air-dried the smears. 11orreline cannot with~stand desircati'on. but,

A mnethod for -onrentrating borreliac was, de- light used1 to illuminate labloratories dloes not
scrihied bly S'imons (261). It is osed1 oin the obser- affect them (1,59). Itorreliae sutrvive lk-tter in a
vation that liorreliae are not dissolved by 10%' slightly alkaline environment (170), anti they
bile for se'veral week,,. T[hus-, 2 mi of 10q sodlium tare suseeptilble to many chemical agents,
taiurocholate in saline were mixied with I ml of Sulfonamides tested aguinsic B. recurrentha in
sat arated methylene blue in saline. This mixture rats proved ineffective (164). Only a feeble ii'-
will keep for ablout I month. Two ito four loopfulis sponse was noted when penicillin was usedl agains4t
oif this; solution were addedf to an equal amiount, of the B. noryi in rats (m1). There wai no synergism
bloodx, andi 3 smear was umade andi covered with agains~t B. duiUonii in mice bectween the arsenicaL",
a (,over slp. To examine larger amounts of blood], which were widely us~ed in the preantibiotie era,
to vach 2 fil of bloodi I nil of sodiuni citrate solu- andi Penicillin (614). Comnbinations4 of ixenicillin
tion aild 0.5 ml of the taunwoholate solution andi streptomycin (lid not destroy B. duistonii in
wer, adlded, the mixture was centrifuged, and mice (37s). However, large dloses of streptomivrin
the.-edliment was examined with dark-field optics. were effective against the same organism1 in raMts

(193).
Iboun lF:MJS.TRY St repiiomyrin andi chiloraniphenicril hail some

llorelie awa~ moe t th cahod inan ffect, andi neoinycin gave excellent results in
veleiroph~oretie apparaitus4 (M2). llorreliae, ia,. experiments with B. noe&,i (116, 117). In guinea

pips infectedf with B. /drprmnica, chloramphenicolthotigh often crf~pidered relatives of Try1mi !i 0 was- effective, chlortetrarveline aeC(~et
aon11ri, dliffer f'lir,uip theIttter bly not utilizing ettsad gv eclln

oxge. xye, owvei.- not toi o o-ryls nioxvtetrarvclinP wIas the most. tf-
oxren.a Oxyge, howeverli tllzai oxic forbor- w ficaciouls (63). In mice: infected with B. not-Ii,
rehtue (Io 0. 200). The utilizatione of de xtroend was five li e greater doses of chlortetracvci ne hadl
f ndi to huler gflycolyl ia its ) el-f exteractsndng~ to bef given orally than mntria-allxlomintilly it,

huenunls' ofisirelte(Il)).Cel-fre etrats effect rure (144). Oxytetracvcline quickly cleaured
and ~imgenaes howe enymesof he lut filte Mloodi of rats4 infected with BaI. dudlonii, ;uutdiei-Meyerhof pathlway oif glyrolysi.s (122). 11. biruin infection andi relapsecs were not preventedl

no.:yi uitilize-d large amiount~s of dex:t roem at :37 C:;
alsit i5'~ aetanultedas ac~i'-aci an abut (152); chitort etrarycline, given prophylactically.

101 ,wIL" oxidized lonlll i alo elayed but dlid not p~revent aisease4 (151). The
completely cals doxide aInek of prophylactic value of oxvtet racy(*ine inand water (2M6, 25:3). raswt i rrrr a loobevd1 de

lh~gsT~cet. al. (6), who emphiasized the thckr*ajeultic
eflicary of this4 antibiotic.

In wet p~reparation!-. -ealed with a cover TIetrarvcline killed bo~rreliae- when given early
glaIirreliae survive for ablout I dlay at room in B. / Isis~ra anti B. re-u~rre ,,iit ne'io.0)

tetinlisratllre. Ilindle (I 5s, 150W stated thiat known With Central Asinn strain!-, allbomycin wa-4 fouind
hiiman ptathogenic borreliac wen- killed when to ble a highly active' therapieutiv agent, (278).
exposred to 50 C for W1 min. 11wi organisms remaiin lDisrepnncies in pharninvologifcal reiwirt-4 may
alive in citralted bloodl for 3 monthA at 0 to 2 C. lie.due to strain varionce and tf) the fact that..sonie
(Central Asian strains- lived as long a-- 100 dlays-, authors consiler the lisappearance of the lirrml-
but their numbiler decreases progre?-.A.velv duiring ine the criterion of therapecutic rcc~ wilfereal
this pieriod., Beck (34) obs-erved the survival of othero regard the ifinrnobilization of thes sin
Caiifornian." trains, in refrigerated.-beep bloodl for nlirIU4 n- evidenre oif sitcti.!. n11i' node of act ion
195 ulaym butl in frozen lis.h114 only for a few flay!4. of antibiotics on Ilorrelie, hla, 6ot tween explored
Iloirgain (49, 50O) worked with B. pcriaira. 1161 as yet, nor has the iniftmenci of such acngtsn, tin
strain ri-mained4 alive for 19 days at 4 C, 7 tan" the formation of anlibodicie.s 1).' inv . 0tigatd.
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CULTURI: ME:THODS imal number of horrelise w&,- observed 5 dlays
I'n V'itro after inoculation. When the embryops died, thc

None of the culture inethodls tested has Hallnuer and Kuhn (143) worked with a
amsured the multuiplication of Borrelia. Present European -,train of B. reveirrentia; C, to 10-day-
methods are designed to maintain the organisms old eggs were used. The organisms appieared1 in
alive rather than to grow btorreliae. the blood of the embr~yos in 2 to) 3 days, awl the

Of the many media recommended, the follow- embryos dtied in 3 to 5 (lays. No loss of virulenee
ing are of interest. was4 observed in 35 paspsages. Ilianiehi (.36) oht-

Chorine and ('rougue (7) muixed lw1)tone, tained similar results.
water, fresh rabbit serum, and laked or de- In expteriments with B. reeuirrenaia from the
fibrilnated human blood. At 211 to .30 C, slow 1943-19415 epidemic in North Africa, Biakoset
growth wao- observed in this fluid. (i H) encountered difficulties in establishing andt

Wolman and Wolmnan (29.3) coagulated I nil of passaging; this -,train, but final results were satis-
egg albumin at 80 C'in culture tubes, and added fLetory. The Itorreliae showed degenerative
10 ml of a mixture co)nsisting of I 1jart human changes awd lost their pathogenicity for mice
ascitic fluid, I part buffer solution (pH 7.M), during egg pNassg. A mixture of allantoic fluid,
2 parts saline, and Ipart 1'; dextros. Liquid embryo bilood, and so~me citrae was used to)
paraffin was added to cover the medium. Heating propagate the strain fronn egg to egg. The orga-
at 56 C' for I hr each (lay for 3 consecutive (lay-' nisms4 appteared in the blood of till chicL etinbryots
was used for sterilization. B. recusrvelis survived 3 to 4 day's after inoculation.
in this medium for 9 months at 0 to 12 C. At Thus, significant differencets were ofserved in
42 to 45 C, 'he organisms still remained active, the growth of Borrelia in developing chick em-
btut they lost their virulence for animals when Iryos. The age of the egg to he inoculated, the
kept at higher temnperalures. Borrlia strain~s moide of inoculation, and the optimal incubation
coillected in Abyssinia from patients with severe temperature remain tot he establishedi for many
illnes~s survived even longer in thias medium. straim-4.

In ikeveoping Chick IEmbryoa Prewre~ion of Beorreliar in Rodeat
('habtaud (69), in experim-ents with B. dittionii,

used defibrinated bloodx and inoculated the lPanpana, (22) desc-ribedv an efficient nethlux
choriotmilantoic meit'rant' of 4- tot 5-day-olir eggs, for the use of labioratory animal train,& for the
The embryti, dtied on the 6th or 7th* day after preservation of Horrelia. Within 2 to 6 months
inoculation. TIhe survival time was reducedI to after infectitin, (lepernding oni the strain, the
40 hr after repeated egg-to-egg pasgs guinean pigp wtfre killed with chloroform. 1The
('hallaud also foundt that fleliltrinatpft blooid brains% were Washed with saline. .mnulsifiied, and
gave bett#er results than cit rated "text. injected intrapveritoncallv or sulitutaneoigid into

Ong (225, 226) did nwit oil-rv" changes in the fresh guinea pigs. 1The incubation time was 6
choriiallantoic memblrane with his strain of B. lto 12 d~ays. or sonwtinti- longer. R. haapanirwm
dtillostii. and the ruibiryts --tayed alive. Serial could be recovered from twain* o4 ihe infretedl
pass-age inpreamed the mtotility btut nost the- vim-. guines pigs for at least 2.5 months (252)), and
lenn, of the -train. Mirreliar aletortu in the blood often after 3 years (257). (;uitwa lags can he usedl
of the- chicks if the enifbryt woo, infected 2 tit 3 onl1Y for the Maintenance oif tairrrliae to which
day-,' before hatching. winel cirrulativd in the they are suscpibilei hbut which dot not causec
chitcket for abotut % dlay-- 1Thy ul41icaparedl. how. fatal disease in themt. (Guinrl lpig an- unwhsihis'
ev~er. within hiol", freasm the btlixd of rhick- new ly for the. li~~vt of ft. pnarw." ThMi- torni'-ni
hatched fromi Rwrorli~iifrirew a. when iwt,1etidvl wuay surive' in the guinea pig twain tow 222 utiny*
Willi a. dufftineej after hatching. T~hi' 6 in tArroml. or may disalwar afterr 44 ulay.. Variatisn among
1ince with the olv4servatimne' of Itodhain and van !igwcir- arr r"unsnleruirm (2361. B. Jospap.n"
deni lie-ralli (24411. Whit. tatrol that Boiinrru wa- ftundl ttive in rat brain' after I1T moth.-.
strainv., such a,- ft. gallinorwn. v1Dliwgina ashlt tatý-. hobweerr. wpme two, fea-qhls' for Purvival
f okl notwt 1111le61l% in the qlere4uuiuung chiek r~IarrintuwtIt. with the Maiunurian strait.. of
etilitevo and Orre Versa. &t rwrwnrovoii (27Mi. llorn'Iias' dol tauo oirvive

ltajranitiva (16) nwrsiuart -over-'. in culturinpg long iii namnse Wain- (2t.;nb
tick-fiept-r .A-inn bown-limie in drvelonvine chick ThM% nuitlauut of 1AfltI~i" pI""-iatiobn hw its IV
ptubrvoe'. teste With MaCtI indiVidulal franaMjW anllo in

Chien (731 unewidulted X mrtr..rnnu' mnt.. the each animnal nolon li-fore It rn 1w, U44vl few
yt -a.' of ile velopuvng chick cmrnlv4o. The tmax- prectical Itriawa'..



Irv~rratriofn of RoreirEi' in, Tirba withI the adsif lwp~cui 4 Hitteqm (Fe~l-4n-

'l1o, Icing life qpsn of tiek,' prnolestinate's themi fk,.n.d~r b) A h n fte mu
ttor ust- as Ialmratorv mnublia fair the- tiaintenanie tive phay'e," whirhl.-t 5 tot 6 day-,. shfort. coirk.
oif Horenia. 0. thofozami. ftor examtple, m ay live vcrew-like ilketaevclir fimntibs are toheetrvrwl in the
us loing as 25 years, ando was aple' tit tran.-mit ceItloitii vobt to list ILWi-t (23. 31i. 153 Tl

Itarela ater12 t~r (L31) Fatin nynits n- cavity halt- no) cominect4.1ia with Ithe gut . 111u.. the.
Ijordiaaftr 12yeas (31).Fa.'tig n~ni~hs tNrrt-liat an- twit 6outud in I!- frete-. liorre'Iine

inaimmi infertive- fior 14) year% (M1). 0. Itaoboman nliiyitl-veturHMbtd tletrll,
was foundm feasible' al..ao fo~r the, maaintenlane' (of Samltipa lyin the oelmivury lud but do norts eter Ime'
Central Aian~ IRofl~ia -tImili" MN). 0. rirrgalicuaa ( M).i~ gife-fitulortiloalivr duto. (ofalit- aoirn-t in
eisaf In- used foir the linr-e'rvaticon tof R. Ieiamanira huit 6s nu,,- unlikely. Iliorn-litue arlcint injectedl
even at 5 top - C' foir ian week, (54). 0. trorWitat, i'uhunian IN'imi's with thll bite o fith- ilifeteal4.
starved1 foir 5 %-or-, wa, -.till aslek too tran!.mmit ienertetiuim, UVnhilbitt-41lii

1ltowever. ncit all ienibtima tof a tiek vitlhinv are! e-vity. L~ive ant- very dl'm.Antennar anal Ievmt
aejall sucepibl to&wr ii ine-ttiois.'hle art,' Puaily rImpkentiffa. lwranitminat the et-a'lasmi-

ib, abe, a vei'tain miortality inl everyi tick voeltinv. fluid i'mwainingL lasrreha- Ito ouitanikinate' thet
Narverthe'le'u. this method; i.- nmr*'t feasible' foir muttilathed t r t'alk-f Wthe infetion sIx- .en tht i.

tithe lmn-srvait in of( sever~aI Borrdin strainL- in 'Hltinate lipca lnitfrrflubinfe sanaanciiacisn W.Iti.

jsa'netrating thnirasm !-minaI abrasion- sif the -kill
lI'KITl4MI11"ttI OF~ 11C1145KkE .t Too TI'MMm~ amual of the- intestinal trat,1 tor e'ucn thr-oluwh, the

1%smcrr Vtvmersk. intaut maiurs-u- 111. V-~4. IS9).
Lit After infetaltion. tilt loute' remsain., iiufeciasita

friom, tht- last tiny, oft thet nemgativv pohase" tip
Time humnall louse, I'r.Iieuuloom Prelit ad tse hofleura se, aboout 3 werek,. oo" it,. entire lifetine, which i,

i. the transmnittinig agent titft. roraen'rirlix. Whil. :r, it, 5o) lay.,. lMe' cycle- 4f hesneiac in liii' vane-.,
locihe vor. r'aiationtgivi andl var. t-up.Ws limmieol tea lIr with the- te-nijueratture oif the enviromintin (311.
effee-tive transnittte's obf R. in-raerrrottis, thc-e' rb (aurnhamm, et al. t l2N) recoi-tntriende shivi-ien
air pubvic laous (Phthim'ws pubis) is not a vecitor oif te' -train., of R. rtrurrtndis intos twit -u1wnll"uua-
ow). 72, 1#91). artceirnhg Ito their eelinvicir in live: Ii) Wlong nega-

lite are nimuotn' eily tranferredi from,, tmn to) tive lihat-w in the lanise' (Wunlit'an. \torth African.
Watin during th". winter. bee-au-a thier prevail in anal Kenlya *'rImi-m' and 60 I). wnr trzcti-a~lv INo.

heavily clothed Itinilh'. Thm-, in homt anal huammid negantive' juhasa In thc- 61am,4. 0.1%kssiiAaio an14l
Central Africa tim- nakedl inhabailants escape' ('hinti-A', mitrn-).
lice. When tenajwinertur' nd S MI116imesa-tu nv'lurp" Elbpe'utnimn-t tuth lomtu-e'lumrm nlallmamL ftat-
the- 01tintwnl for lice, the- niembe1litv oft thee' in an-" hantmm-nime're- lil th-ualian--o hu irma vl
sects .ib nru"ele. 11hey lay emg aind 4-aicalite from., ton l61t- re'alily aninial, other than mnonksy -."I15).
nUIan 111111they lu*'e 111 tol Ill e. It 6s ;xub.ssilla heuws've~r. to ftvil thenk Ion yo""ng

()in- knt take-, tilt absent I mlit. d WINlatl at fami ne tudeeti (hMM. Feevoiing el'tperina-ut.t have. limit,
bidting WD). 1hirmach 0 al. (I ISMfamunal that thi- fiea in, the jast- minialiohl kv.t inalusir a bignificant
tilt-al Iwo tol roatman at k&leas , lt c N ibea ttuo bMuriae nuamndur at rusek-t se-te" ahaeh are natural
114-T opil innes elntida tfib In- infecitive. Thus. lea" hevt. lif ftmnrortho'arnangt tirk-. St"e h eaer
wiill "Itoule ri, he-nnu infected hlur~hu nehi-114mm'ilb turts. cosuMleli helpful fow the rducitluatit tof the.
%ihe-n fe- a or in, bIsom Wrliacciulate' in the I46,41a. v ssil~ itV f a viale'r tran'.ni-.iae, erinrlb- ;of It.

f)nlv alwalli 12 to17' of. the har faimel to" mteiaiol vforvraeni'sf than tha~t obt um)n liubbeman.
alurinti an attack tof relaalasni to-ver trait.neitmee. Nulew-vaae. at tecult.. b I N-n l-t-ti l laob tin e'ta
the .libbrae c- (p. M', lisi either Inieir-litore khani it. ricmrarrajs in h,.e-.

The le-rs-liW enter ihe "njuliut ea t he 64#-W.e Wsiac aemel Astute-I 14* foattnal that herit ma- 1e-mic
.VWMM"aai-a transfefir oA lumW"Ijar It% late...'losr ote .ini' nf-Irv], ii miiii Kt joirtsaaae l't has" theni an almatt
fly litoore fr-"". is juwolule .aon!%- '4ithon a me-%latr litm' It) .Ii. f pfiio *.s toot am taken tilt IA lInev rinxi
after favilingt Ion iaulet"etr'l irrboti 7lani%4 foo h merrl a nair 4ituInarut MMI ben t-hl ~~'h~1 1 henO[

inasctluaa''s'ia lorrbbtd in the itaner Their rate' raitukSinn strain FAt It. ~wItorrW Ioa- s h
to(fA1o su -uI oirtnwouirtiabahaaC to the-er ,.-'*stane-- tee Ta441ak %trutns vi"rtiormw'nsl hulireg a--* n 2 slak.
the dete".tava" jlan'.f lot N lothe Immns :47 k 'h- 11WI fill Ne-ether Uan,1- h lie" haisuialala- U4i the
toinie'imi Iuawieliae ýeee th64r libobtslam anaI li-nib kx-hanar 4'trAln a.. A prors44c i24,~' ft varw

Ibe-Ar freien the611 41at ini'lst" I .6ar. ii 'na-utats- 3nel ft kAaagaetun.s -W0-II tr i~liltn Ifmp 1 1161 la:1u
l",o'm" e'nsuglr- alking Slanh" theq isa-ida..' atre loons 11It.b 12aolm %-I' lamrua t -isc tar "trl itr oabr,
pre-br"n a- Ofnaetae. athich ramn lee- hlatingtoham-il t44. 1-7 6 ;arwhane. al~ i$ lmtuna that lIao, nat:%l



letarl~ir B. hi.asimiica~i astoo 1-slis'vs' thant at ima- Tivk- lilvv ill ha-rriow. ws i i a's'I s'hlr
jlon4' re..s-rvoiir tif lth, Barre-iaa tn'st s. a l. ir. -anintal-. in mi:ve- 6-ps'e'ealv % . th'r it. whirls vitalv
n'l% NO1W "Imo" ,'sis'evl 4,1 in 3a1lal'ntma H. hisaaMhseac' i- ir'-* l i duvolet. Ug- a'. Ircilis'-11. ,u'-ts.-I uwIfl,
lls ls's; Iaowe'vs'r lwr mn'ats-i *iirs's'. Wis. will, ot'sls'iot. aid' ii 11u111.-' !!tn I Uasiins'li It tliila -, t it jug
sitis -'train whit-ltia. -b~- a-t sith-ml at natlant. 11111l Ifltmor-. S!'il ft-" opts~l' ataiswtl- ;nsIaalitc.- lituil.

.Nani- slrgaiii~n- sif H. *-s'tlopeiiwn We'is* loyo- 'iiuit, uindicimwr-1 1iliii;' h~i1:1 is:v' sir :a ,t
in thei !.tiitu1ts', 4 itss( .lieut 1ls611sr s".s'aoimfliz into, The'l4 t1. e-~in~ Iaki- at) oin, :! I ; :ir o,l..
ills si'-houiitu 4'161t, liv'eds 01"I 111iutit iliiss (1476P. i-r Ifota litsirImne'r. a-'sinproitse vs' ths- ."wiv.* oif

It -4-1411- that ft. Ajap"Miiril, ftilstel. a1101i nsI lilt lick. .4'inn pri 4mvlips'- 1G una it-la'i. I, hs'r.':,-
thes lornrlneIits'sf lit- mm-s',itin'ae mual.&rvu,1 l~s'sitte- ils als- W ifi sitluir. i- ve-rY lcjinfit. Iga its Iek.
Iditt'&-lIiflW tutonI4 *i-ily. than sIGN"' ft. hiAplmoii-ovJ. wlisivai an- ver'ssier-f .4 reIais-min ts've'a ssrus11,',,-
Ills' s'n1viroinisu'ntaI trolIN'ritlw went.s'', I'l affs'rt 31:11-11 thisenu-e'1its I#, lis',ir lsei-t. o'fp smnl% a -is srI

list- lirsmi-" so( aelttitaiisiti. l'Thu.. at :) C flair tuna.., 11'naall% Ilair It-' tlow! I fir., -is fl-is'r ti1le.
Msimiltas thrs s'ni 4slurat' -uttsasuali. inks- Iii (I. i.. -AIsls,,, leinatfil. S'utisi opt ti :se'n art-o-l
trralie-'ai jonrai, wen-s s'a-RY~ s.taluli-'dwsl tit hus iwlsly V.'bsn':'i.'. lit- s ii-t -It - s'rki-li I
list- b lavi r ta'koorn (142,). tran-fer' Iiwsrsts',. 61k,~Ia o ,g i t it. aw -.1 11V

Ilesi~vhl attsl ;anlthaain 149j v'\IM'flhIentitc' u lth itp'irisslteal o tniV noe'sl t, shit.ercmje',, 1 N tai r a~nimal
live' insit, ant aromi whidh wit- jnim trims ii t 'aloismui at *'a.' it Islilit.
f'i-ver (Nainraiii Ili 1m 4-1p thorin fie's lilt nsipnkeis TIick- mnaY tsake cil, lufesoI aieloal I.- il WI'tl sk'
jinle'st-tro wqith :tt 141-t .Afti'it-a 'train tit B. did liona- fibsir sun %it ns'is Wthtils' its,-% :tr, (e'vt'sg,,.
lonii. '[*Its' lir''l. 'st-ai. inftuips'tie,- lilt di' 5111 it, fils- -ahiva re'is'lo- Ow r'* eitilhir.e iijio'1i Is x~ lils- hit'.,
7thltmsy. loo~t hliurrslia.' notiihi ost1 6N' -'s'it in Owns'u Tsiwaril th'sit$- v ita lbs IN.s fi-ing. lilt-* nqts.isll' oif

(.ir 11) '[t%.Ilit, -ix-gtti%s hjiur wa- hs-- thlt- viut arre' vau'uattAs. Mtany tick- o'v'et-n,'G1 t l

clsiliit ie.' than. in. H. nrssrr,-,shz inlft-tissiton. ~ive' claz.i H6 Itiu t 1h4 s'n.1 sipt ithe ft"'ssiurni Tlist '.ý
VIOUlel trmitmsit H. d~affoi lii I ' gshi-tro-os. mtices. fiis mnayl iv sloits' veginltismino-. tar opidrn it ~irii;.
rat.. attil insiaks'y- in ths' Ialiwraleiti. aIh-e ir na%. Itsut alolm-sr :-1 all thib-ils't-e tit'k i- utit -n
autihurw failiale hill. itt whit'). ths' ualialmtital- oerr las-t u itlt it- 1161A.

ittls'-ts'sh with lieu' -rurrvin f8. dietfoxisi, .' 41111' 'at ' Ill's- l6irrhas are' iaasw-l tuIls- rzbi' arti~ Ow i.
hitl- we-n' .11-s. inlfst-144l uil 1). WIL~l" InnAH`at lit-01 fnssts'd ealo' tiCk. Ialil Ilut all Iaftk 'AM utlis'
unaurul s'arti'r tot 8. *feloissii Soo ashantis' inths im inisvt's (1.N. Ow tb'e. hiii crt-at.'- a rre~srvoier

4~t~il i s hi- Piti' fftltn wO-n' siks'rvo-1 in the- esit Bwrrit ins lit- 6i4 iusoL'sthiapi. 'The. rniuse off
lie's. '1lm'seuuthaxrs. htswe'te'r. ofil Iuas finalev nic',sie' trawdi'i:,rtau Ponilialtiatkst varit'- Wills t1"' -jis'rie'
fair the' malaineion sit H_ Idalloil ilte. 8t. Vsritrtmotssx tat the' ltn'k: iresuu 014.!', itt 0 h- Potosi lobII', u

Th.- 11t4vilke v.s" left-w 11WWisss Isncgiroep I- a (). Is~ra-sWs (951,
urcspul ltii-t itor R. sdtifoai ''l~i. Herr. fw io' ,tska far A hrts'ý et~arart'lm'iatuiunl s~i tit'k" is, kiotusis
traw'1srre' fruitu ,,tsuikc' 14, npitssnke'. bY I'. itnmpurtnites Iin lips, prij. immtoiatsnet r'lalpi'ig i 'vsI-
Io..ip'rpus iWtI4~. fi~a

It 's'-t-m th6t Iim~ min% at'.. .arr% l'~rsks %Ls551tuwsV.i.li'"at-t pe" st
sathe tn Ita. . lr~m'u~ alsat 16-I..' u ttu tisn wa trrtsfuara.. i- tim' t,'s'lsas' ci ft, Aubpoftsio-o It a.
'st.'I -Iriter ginto, es'jssslsss -ýriait' Ism- nstI h'a'sri s'.surain~-1 ill .Aini'a inset, 1 tatipla I,, Ohc X11,104tc1

x.~pvee y' i. The' Isopnti:'li la610%t sit low! rmtriAn. aMsj'arm'th haunti (sloolem-4I fts' pat1h #it

reim-as ini i 1''.- s-u. shoot int man wA'i aninjitial' t ies -Iem1h'n. 4`11114w"t. It lieks, wieth 111rre.111ing

Thin lumai e~tumlzin thatu- .1014111. sto the- lairrdnis' matnall'w A1 it t-a 11w Le~rAtwa- Ira s'sn riee-at.'.
4s.64'TvIA' Iit tiw"'. V~.frntl htIlutatiman 13titn 3ail .s'sus- FreItus". hosit tna-m1% &'uscni-toie'r mtan *46"

Islarv. it t. ;crs'tmhli% 16. r.-.ull wi rrtm-Ate-sI "uast U-6its- mnLrtnal- Ai' nsut mat ailvise' it es all losve,
tots lsstwe tee steal. -%r"re. %h~lusuaig tht- I- ;t -it, 1t*3h5 31101 ftns*, I). viratnaIu s 6u'-1-1 fewc bank 1.1 t'
flelat tse.-Joth'ht. to* on.%t kneillk-lag. it hit- wlu Iii's's P1 ni'slt

.k'rl m.s +a-.t )? Assgssmopav tro-huh'-. -4s-4 -t3n- a-, the' Ms....
can 1191. th6' l'sirtlival-'. i tkh' h%'visalmoe-.'

T~~~~sI s' ;vr' *fi4. most the- Xsustenatioleat cuusiotlt

Tork" pippueatallu hampant Trlai-ausa$ tiorrs I.' Tianoets) i l ;2 -lsm'a,a . 't s -a nat most \.1
labor, I-- 1ies Votr soa-bc'. lw-Ir t', the- luo.Ihll'.. a.-11an 41valnn h-4%r alw. htown ativohs-ul c.jlo
'fless's big netriter.t in fkwivbfil 1retse. . 2%seh.sr ;,Wt liw-orir wss' vamtiis '.me' 1-v IN- the. Aaonv
h'-sivu h61ml sr vI.'ra.'-we'l I. i'i sti'-ien. sip. 'tvtlut #wk-. rsfwsw-I. I rtneo 4&~ vorado. .5,

19), Itak"- aliaS Whm-t'.st 5il . 4-. to%3-. In .-~l"Ih'nw- tzr #I fooi _W are)-6 .I

CaporvI I attsno h~l tO A. isgLlmklts ISM ~nslbr1 51l 21bi. tut. lustI 4 stls motiee(Ton oomI-tillt
IZ)m. Van nu 1 i04%. Er'aL %e l161 n 113 l st. tw -itslet smsrw. l-21 rdi- le- s61lthj"
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of 0. erralie*, is the host of son. , of the croci- glands are heavily infei-ttl in nymphs and ir-
dura, group( of Borrclia, namely, B. crorid,,rae, regularly in adults (277). The feces are free from
B. dipodilli, B. nierionesi, and B. inicroli k26i); km-r|elia, ( I IS).

the "large type," 0. errali-tlb erraliwns, is not Young adults and nymphs transfer towreliae
hospitable to this group (82). The pathogenieity chiefly through the saliva, whereas older spe-ci-
,of these Ibo'relite tor man is low (202). High inens propagate the infection through tihte coxal
roIent anti mild humnan pathogenicity was stated fluid.
to Ix one of the characteristics of this group (.30). 0. Pnoubala may bwcone infectious as soion as

There is still some confusion retgarling the the 5th day after feeding. The first nymphal
taxonomy of :-ome ticks belonging to this sub- instar is the ml.ost effective transmitter. Since
group) and o• the lxjrreliae carried by them. o)rreliae are being passed on from generation to

0. normandi is a strain of 0. erraticus (9). generation, a iiianmal reservoir is not necessary
Thus, it is qucstioiable whether B. norn.-andi to maintain B. ddttonii and, because of the Ion-
should Ib used to designate the Borrelia carried gevity of this tick, 0. moubata and its progeinies
by hiis tick. 0. niarocanus is synonymous with may maintain the infection in an area for a long
0. crraticus. B. /ispanica var. marorana and time (58, 129, 130, 131, 132).
B. mnasouria ire carried by 0. erraticus anti should Each subspecies of 0. inoubata usually feeds
be classified with B. hispan.a. on (Only one mamnmal speci.es (135, 280). Blood is

0. savinyi was considered a po~tential host digested very slowly, and the sprecies from which
because of its predomninance in sone areas it ,ame can be identified by precipitin tests as
afflicted with relapsing fever, lik, Somaliland long as 7 months after feeding (286). It was
where other vectors have not betn detected as proved by this method that burrowing animals
yet, and in the South of Tunis and Libya, where are not the source of human infection but that
louse-borne epidemics have originated in the past. 0. moubala is the reservoir as well as the trans-
Tihere have bIen too few surveys carried out on i. mitting agent of human-pathogenic B. dutionii
satignyi living under natural conditions to permnit (20, 22, 150).
a decision as to whether this species is or is not a 0. nioubada is considered an effective vector.
natural vector. In laboratory experiments, it could transfer B.

0. granigeri was found to carry a very mildly crocidu rac but wa.s; not very hospitable to it (26);
human pathogenic Borrelia, descrired by Heisch it harlxred B. persica for many months, and also
(146). B. hispanira, but not the Kenya type of B.

0. inoubara, the "eyeless tampan," and its recurrenlis (12S). B. furiralae lived in 0. moubata
four subtypes, namely, 0. conpact us, 0. opertus, for 19 months but couhl not bxe transferred by
0. porcinus, and 0. porcuims doinestiews (283, its bite. Thus, 0. noubafa has to be considered a
284), are at home chiefly in East and West, 6ik propagating in nature only B. duttonii.
Africa. 0. inoubata carries B. dutlonii. Walton Grin (139) obsev'ed that 0. motbata did not
(2S1) believed that its original habitats were acquire B. duttonii infestation when this orga-
warthog aLd porcupine burrows and that it was nism became avirhlent after several mouse pas-
transferred to human huts by man. It prefers sages. The reason for this aibebration has not beeln
houses where people anti fowl live together (282). explained as yet.
It live.s a few centimeters under the surface in 0. tholozani carries B. persira, an(i probably
the dust anti in cracks of mud floO, particularly has several subspecies. It is synonymous with
near dry Ilaces where people usually 1,. It has 0. papillips and ).siblv also 0. crossi, which
Ibeen found in mud and grass walls, even in harbx)rs the Kahmnir strain. Babudieri (14)
thatched roofs. descrilw~d two B. persia strains in Jordan which

Since 0. nioubala seldom travels I" its own are, Iperhaps, carried 1b" different subspecies of
volition farther than about :30 yards, transporta- 0. tbolozanii. The I'zlrek strain of B. persica causes
lion !.vy man or animals is necessary to carry it, only mnild disease in1 man (171). B. persica is
to (Ether localities. synonym0ous with B. sogdiana and probably also

0. moubaia and all oIf its five or six nymuph with B. azbfkistanfw,. 0. t/olozanii makes its
stages suck blood. Adults like to feed every 6 holne fromn the ('entlri• Asian U'SSR through
weeks, nymluhs every 2 weeks. In the lalbratory, Iran to the Mediterranean. It lives in caves,
it is nlot necessary to feed Pvdults more often thani holes, and blurrows of smill,1 aninmals or in human
twice a year. After Irolonged starvation, how- huts. In some localities, it is found near camels
ever, borreliae Iften dis~qppear from its i(oxal and (fowl. In (CyprLs, it prefers rocky shelters
fluid and ovaries (IM3). The fkedimg time of 0. and caves with guailo floors (125). In Central
,ioubatla is about 20 to :30 rini. Alkuit 40 to 01,' Asia it lives in oases anti in rodent burrows
of the eggs beconle infected (137). The salivary along tin, (dges of the woodlands of the niountainw
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(213, 229). It was also fmund in abandoned caves and aiso in hou.es with chickens. In Jordan,
piggeries (274). In Kazakhstan, 2' of 0. tholo- it has been suspected. of transmitting B. perai/a
zani collected in their natural habitats were through its saliva (14). 0. roniceps can be arti-
found to be infected with Borrelia (262). ficially infected with B. persica, which it will carry

Tih. tick has one larval and three to four, for about 19 months. Transovarian transmission
pos.ibly five, nymphal stages which feed at least will take place. About 2'- to 3' of the ticks be-once on a vertebrate host during each phase of come infstAed by feeding, and about 10' of the
development. The adults feed repeatedly. Trans- guinea pigs develop Borrelia infection when in-
ovarian propagation of Borrelia in 0. tholoza'ni fested tieks feed on them (70).
has been proved. The incubation time, from the The American relapsing fever Borrelie -!,ps
infectious meal to the ability of the tick to trans- were suspected of being tick-adapted b. recur-
mit Borrelia, varies. In adults it may be as long renti. (62). Brumpt oppxosed this theory (5.3).
as I or 2 months. Moskwin (213) found that the American Borrelia strains apparently did not
infection is transferred 1w bite, i.e., through the become tick-borne after the Spanish Conquest
saliva, and not through the coxal fluid. or after the settlement of the West commenced,

Q. tholozani adults were observed to harbor at which time louse-borne Borrelia was spread.
B. persica for about 3 years and the nymphs for Tick-borne strains were probably present already
about 5 years (52). About one of every five in the western mountain ranges of the Americas
ticks fed on infected rats or mice acquired B. when immigrants from Europe and from the
persica (239). In addition to B. pers/wa and its East arrived.
substrains, 0. tholozani was found to be able to Among the South American ticks, 0. rudis
transmit B. recurrentis and its Moroccan and (0. tenezueknsie) is the most important vector.
Berber strains from mouse to mouse in laboratory It likes to enter houses and has the habits of
experiments (180). It carried B. recurrentis for 4 bedbugs (233). It carries B. menezueletsis (B.
months under similar conditions (263), but was neotropicalis).
unable to transmit it to animals. It hosted B. The role of 0. talaje in relapsing fever is rather
hispanica and B. mirroti after experimental puzzling. This tick is found in the West of the
infection (241). Americas, from Canada to Argentina. It often

B. babylonensis was isolated from 0. asperus appears near human habitats (42), associates
Brumpt (55). It caused relapsing fever with many with pigs and rats (79), and seem to transfer
circulating borreliae in guinea pigs, thus re- Borrelia from animals to animals rather than
sembling B. hispanira. On the other hand, this from animals to man (95), although Bates et al.
Borrelia is not transmitted by 0. tholozani or 0, (33) described human infections by 0. talaje.
erraticus. 0. asperus, however, will transmit B. Some 0. talaje strains do not bite man (95, 234).
persica. Thus, it might be more feasible to con- The Borrelia transmitted by 0. talaje has not been
sider this Borrelia within the group of B. persica. named as yet, because it is believed that it is

0. tartakotskyi carries B. lat yschewii (262a) identical with that from 0. rudis. Mazzotti (204,
and is found in the Central Asian USSR. As a 205) found incongruities between the bionomics
rule, it does not appear in human dwellings; of 0. rudis and 0. talaje on the one hand, and
it exists in burrows of rodents and reptiles in B. venezuelensis infections on the other. 0. talaje
dry waste lands, but seldom in the desert. 0. from Mexico and Guatemala transmits a Borrelia,
tartakovskyi exudes coxal fluid not during feeding called B. tnazzoUi (98), which is not carried by
but some time after it has left its host (27). 0. talaje elsewhere. The literature dot- not seem

0. cerrucosus lives in burrows and caves of the to contain reports on attempts to define 0.
semi-desert region of the Caucasus. It has little talje subtypes. The problem of South Amer-
contact with man. There are four endemic feci ican relapsing fever and its etiology will not he
in Azerbaijan in which this tick carries B. understood until the taxonomy and ecology of
caucasica (237), a human pathogen, which has the members of the 0. talaje subgroup are
not been studied satisfactorily as yet. fully investigated.

0. neerensis Pavolovsky, from Turkmenia, 0. parker/ lives in the West. of the United
prefers more cultivate areas than 0. ,errucosus States and in Canada. It inhabits caves and
and inhabits burrows of rodents, birds, and burrows of ground squirrels and prairie dogs.
reptiles. It is supposed to carry B. laiyschewii Human infections with its Borrelia, B. parkeri,
(230, 239), which is seldom found in man and are rare, because man does not enter its habitats
causes only mild diseae (27). It is not known frequently. 0. parkeri transmits B. parkeri
whether B. latyschewii from 0. tartakovskyi is through its salivary apparatus, i.e., by bite.
identical with the strain carried by 0. neerenis. 0. parkeri cannot propagate B. ,enezuelensis.

0. conireps Canestrini lives in burrows and It, will harbor B. turiNatae for a long time, but is



not effective in transferring it from mouse to rodents by the bite of 0. 1/iolozauid or 0. taria-
nio0use Unrder ex~xerimvntal %onditions (205). korskyi in spite of the survival (if the biorrelitte in

0. ligricata has been found in C'anada, the these ticks for as long as; 134 dlay., (M2). Neither
We(stern Un~itedl States. Mexico, and in N'outh couldl Baltazard et al. (24) transmnit B. recur-
America. Although it originally favored eaves and rentis tromx heavily infected infant rab~bits by the
burrows of rodlents, Owls, and snakes, it has been bite of 0. errahicus, 0. 1ahoreu.sis, 0. turicala, or
found under house, in Texas (42) and seemis to 0. parkeri.
begin its (lomeAstication in Mexican huts, pig~sties, There is a great, variety in the mode of living,
abattoirs, and caves which house goats or sheep. feeding, alld excretory fuinctions of the insect.
T'his tick remains alive while starving for 5 hosts. Attemlpts to align these factors with the
years (121). Larvae and( nYniphfs feed for 10) to immunology andl pathogenesis of the respective
:M) mini, but adults may take ais long as 2 days. Nw~reliae have not been successful as vet.
('oxal fluid is not exeretcsl (luring feeding, andi it As seen front the foregoing, a numbler of Orni-
does not contain borreliae. B. tIuriat*e are trans.- flhodorus spiecies also will carry in the laboratory
inittedl by the bite, of the tick (177). 0. lurirata Borrelia types other than those they, transmit in
is easily inifected1 with B. tiniricalae; p~ractically nature. TIhe rule of Borrelia-tick species sJpeci-
all individuals are( suscepftible and carry hor- ficity, while not unequivocal, comes at least c~lose
reliae at least to the F5 generation (9I 4). In to lx*-ing exact. 'Notable ex(ception- are- the talaje
laboratory experiments. 0. tuririata did not and the latyshevyi subgroups. 1 he results of
transmit B. renfrZuf'eflens. B. Jhixpanira, B. further investigations may clarify these (lis-
S,,ttonii, B. persica, or the Babylonian strain; crepancies.
from aniiiial to animal (53, 55, 56, 99). According to a hypiothesis advanced by Nicolle

0. heruisi lives in remains of (lead trees, (so- andl Anderson (218X), borreliae were originally
called "snags"), wvith Imice, rats, and chipmunks, parasites of smnall mammals. They wvere trans-
in the mountain; of California, the Northwest. ferred from them to man by tics, then from
of the United States, and C'anada (156, 290, man to lice, According to this c~oncept. tic~ks
291). llodients c~arry it (luring the winter into conserve, andl lice lpropugate, borreliae.
summewr cabins which are used by hunters and Baker andI Wharton (17) stated that Borrelia
travelers,. and wvhere the ticks remain alive ior developed with th( Acarinfle. This hypothesis
years. 0. /;ernisi feeds on mammals but may feed implies that borreliae are primarily the lpaidsites
ao oin other ticks. Wheeler (289) couldl recover of ticks, invadling miammals only by chance andl

Borrelia for .38 days from the gut of 0. hermnsi dlevelop~ing into different species with genetic
btit found that neither feces nor coxal fluid are changes of Acarinae. It seems that rec~ent report's
expelled (luring feedina. About 45, ' of 0. Iermnsi on the relationship of Borrelia strains to the
found in natunre could infect mice. The heredit ary speicies or subspecies of their vectors favor the
transmission rate, however, is low. 0. hermnsj can sccondl theory.
be infected with B. renezuelensis and B. parkeri Unusual vectors, like bedbugs, may occur under
but (does not transmit them (205). cert aini circumstances . Mechanical transmission

The North American sp~ecies (if tic~ks and the as, e.g., by biting flies, is a distinct possibility.
borreliae carried by themu are excellent examples Nevertheless, one wouldl go too far to ascribe a
of the c~lose relationship lx'twe-en borreliae and large. rolle in the propagation of Borrelia to some
their tick vectors. Although borreliae other than insects, like mites andl bedbugs, wvhil-lh are ill-
the tick-spe-cific borreliaeco('uld lx- transferredl to efficient transmitters and do not serve as reser-
the different ticks, these arthropods were able to voirs oif liorreliae.
transmi t only their own Borrelin speicies. .. TEir-;OCLSIYBR3,A ACRDN

0. brasiicnsR~ harbiors B. brasiliensi* (97) In Trv~r TO CLSUSCPIBU Bom~ANIMAL., nm
Brazil; 0. zuintpti harbors B. filiac in the Cape J t(i'IL NM~

Pirovinice of Africa (297). The latter is pierhaps Since numierous tick species live with animials
not pathogenic for man or Cercopit/;ecus nionkeys in lourr()ws.. caves, stables, and even huts, several
(154). B. queenslandura from Raffits m'llosas in attemp~ts have be-en miade to c~lassifyv thet tnemnher-i
New Zealandl causedl relapsing fever in rats and of the genuis Borrelia accordling to their pr~esenc(e
mice. Its tick vector and its humian path,,_ inl wildl and( olomeustic anlimlials as. well as accord(-
genicity have not been fully investigatos as Yeo ing to the susceptibility of laboratory anlimlals.
(616). It is nieccessaty to( stud Im~ these organisms ".\'atuirar' Rceserroirs
mlore intensively biefore they canl Ie considleredl
effective factors in relapsing fever. No unimial reservoir of B. recurrentis has beein

B. recurrentis isolatedl in (Central Asia could not. found as vet. Squirrels eouldi he infected with
be t ransmitteil from infected mail to man or to va.'e also by administering the C hinese Strain per
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os or dripping it into the conjunctival sac. (78). (Psamnmornys) through 0. tholozani to man in
Bushhabies were sensitive io the Kenya strains rural areas, and from domestic rats through 0.
(126); gerbils, to the Berberian strain (138). roniceps to man in urban dwellings. These inter-

It is doubtful that, these rodents are infected esting features warrant further investigations.
also in nature. A summary of animal reservoirs In the Amcriea, chipmunks and .¶uirrels
of tick-borne relapsing fever was presented by (34), burrowing owls (166), monkeys, marmosets,
Sautet in 1937 (251). Since then, many additional olpssums, weasels, armadillos, and bats (79, 111)
data have been collected. Mooser (212) expressed have been found infected with Borrelia. Calves
the belief that of the tick-borne borreliae only which are tied to bush fence posts in Central
B. duttonii is primarily anthropopphilic, whereas America abound with 0. Walaje, and domestic
the others are parasites mainly of rodents and (not ranch) horses around wiiich op•)ssums like
insectivorous animals. No animal was discovered to prowl also harbor Borrelia.
as yet to harbor B. duttonii under natural con- B. turicatae causes infection in dogs, foxes, cats,
ditions. In laboratory tests, dogs, horses, goats, pigs, Microtuas nmexianus, and cotton rats, under
and sheep acquired a light self-limited infection laboratory conditions (56, 203).
(159). Hedgehogs seem to be immune (186). The search for a wild or domestic animal not
Chickens injected with B. duttonii will harbor routinely used in the bacteriological laboratory
borreliae in their circulation for a few days with- as vet for the differentiation of Borrelia strains
out developing disease (178). The failum of has not been successful to date. Lapifrre et al.
these experiments confirms .Moo|ser's assumption (186) achieved some success by employing the
(212) that B. duttonii has a life cycle which does European hedgehog (Erinaceiis europeanus),
not involve mammals other than man. which is resistant to B. duttonii, acquires a usually

B. Iispanica has been found in rats, jackals., inapparent disease from the crocidurae subgroup,
foxes, bats, weasels, hedgehogs, porcupines, dog., becomes ill with B. hispanica, and develops a
anti domestic mice (100, 101, 162, 214, 217, 219). severe disease when infected with B. persica. The
The infection rate varies in rodents from 0.5 to borders between the responses of this hedgehog
40%ý (41). to borreliae are not sharp and may vary accord-

Pigs, donkeys, and cats have not been found ing to the respective strain of the Borrelia species
infected, but 0. errofirus, the tick vector of B. employed. Perhaps when more extensive studies
bispanica, lives with pigs, and these animals may of animals harboring bo-'reliae in nature are
di.;4eminate 0. erraticus (214). In laboratory carried out, when dogs and sheep are added to
experiments, dogs, procupines, hedgehogs, and the series of experimental animals, and when
bats (1M6, 217) were successfully infected with uniform routes and infective dosages are em.
this Borrclia. ployed, additional laboratory test animals will

The crocidurae subgroup of Borrelia was named be found.
after the wild shrew (Crotidura) from which the
first Borrelia belonging in this subgroup was
isolated. Shrews, hedgehogs, hamsters, gerbils, Monkeys, mice, rats, guinea pigs, rabbits,
bandicoots, wild mice, and sometimes also dogs, and, to a lesser extent, hamsters have been used
bats, horses, goats, and sheep, but not reptiles for laboratory tests with borreliae.
or birds, are hosts f this subgroup of Borrelia Monkeys gave the best results with B. recur-
(102, 209). Animals which are frequent carriers rentis after intralwritoneal injection (29, 44).
of the crocidurae subgroup of borreliae in nature 11. inuus svemed to develop relapses less fre-
may be infected also in the labo ratory. (luently than M!. sylranus (188). The Tunisian

B. persica has been isolated from naturally strain killed M. inuus (220), but no fatalities
infected wild mice and rats (14, 25) and may he were obtserved in .liacraus with the World War
present in hats. Hedgehigs are susceeptible in 1I strain (S0). The Kenya strain killed only 301 ;,
laboratory experiments, a. are sheep (103). of civet mnonkeys (126). The Manchurian (271)

Babudieri (14) believed that there are two and the ('had Region strains (188) were easily
strains of B. persira in ,Jordan. One, the rural established in monkeys. The incubation period
form, occurs in shepherds, nomads, and road- anti the nunmber, e'f rvl~ipsiss depexnded on the size
builders, who often stay in caves with dry and of the inoculum.
sandy floors. Relapsing fever has ilý lkwak among B. recurrendis infects mice consistently, but
them in the winter. The urban forrm occurs in the infection is of short duration (about i days)
windowless houses with earthen floors that, are atwl mild (311, 80). The incubation time depends
not well maintained. The lpak of this infection on the size of the inoculum (31). Young mice are
is in the summer. IBabudieri lNmstulated a cycle more susceptible (2144). Passage through rabbits
fromn the spiny mouse (.Iromys) or sand rat or monkeys enhances its virulence forj mice
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(30, 271). Some of the North African strains lost B. mieroti kills young mice and rats, It stays
part of their pathogenicity for man after passage in the peripheral blood of adult mice and rats
through mice (18), and others retained it (21, for 10 to 12 days, i.e., longer than most other
266). Strains designated as B. carteri and B. novyi Afro-Asian borreliae. The incubation time is
are also infectious for mice. The Kenya strains of about I week. It is nonpathogenic for adult
Garnham (126) caused severe borellemia of short guinea pigs and rabbits (95, 240, 241).
duration in mice. B. merionesi causes disease in the Barbari ape

White rats show a short incubation period, (M. sylhana) (40) and other monkeys (95). It
and B. recurrentie circulates in their blood for 1 circuiates in the blood of mice for about 2 weeks
week or even longer (20, 30, 126). Sometimes and kills rats quite friequently. It is nonpatho-
heart blood contains Borrelia longer than the genie for adult guinea pigs but often fatal for
peripheral blood. Young rats are more susceptible hamsters (40).
(265, 271). B. duUonii is readily transferred to monkeys,

It was reported that some West African strains causing fatal disease in African species (80).
do not infect rats, and the designation B. berbera Apes arn- less susceptible (47). All except the
was proposed for them (159). Madagascar strain infect adult mice more

Guinea pigs appear to be refractory to B. readily than newborn mice (134). The infection
recurrent/i, including the strains labeled carteri, persists in mice for a long time (80). The same
tonkin, and berbera (134, 159). The Manchurian conditions prevail in experiments with rats (128,
strains, after having been established in mice, 134). Guinea pigs are only slightly susceptible to
could be transmitted to guinea pigs. They circu- B. dulon ii, but young animals may acquire the
lated in the blood of these animals for 2 or 3 days infection. Although adult rabbits are refractory,
(271). Newborn guinea pigs are somewhat more young may be infected (134).
susceptible to B. recurrentis than are adults. B. graingeri is only mildly pathogenic (146).

Rabbits generally do not become ill after B. Monkeys, guinea pigs, and young rabbits arc
recurrentis injections but develop antibodies refractile. This Borrelia circulates in the blood
against thern. Young rabbits are more susceptible of mice and rats only for a few days.
(29, 30, 31). The organisms may persist for I or Mice and rats are highly susceptible to B.
a few more days. Lice usually feed well on new- tillae, and young guinea pigs are susceptible to a
born rabbits. This method of infection permits a lesser degree; mild or irregular respor'ses were
more natural approach in laboratory experiments noted in rabbits (297).
with these animals. Strains passed through adult B. persica causes disease in monkeys and mice
rabbits acquire higher virulence for young rabbits (3). Guinea pi-,s are sensitive to most strains of
(30). B. persifa, which is helpful in differentiating

Monkeys, especially .11. inius, are highly it from B. recurrentis (3, 4, 103). A hemoperi-
susceptible to B. hispanica. Twe or three relapses toneumn often develops (53a). Rats can be in-
are often observed in them (48). The infection fected (3, 239), but the incubation time is long
in mice is short and mild. Rats react in a similar (103). Prolonged infections in guinea pigs were
manner (48, 252). Virulence for guinea pigs may recorded also with strains from Palestine (10)
fluctuate (252). The appearance of atypical forms and Uzbek (274), with an incubation period
and only a few borreliae (luring remissions in extending to 6 weeks (103). Numerous relapses
B. hispanica experiments with rats may hamper were seen in these animals when infected with
laboratory studies. Most strains, including some of the Tobruk strains (11). l)isease in
Moroccan and Algerian, are easily transferred guinea pigs can be evoked also by introducing
to guinea pigs. Rabbits develol: an infection of this Borrelia into the anterior eye chamber (3).
short duration (48), with few borreliae circulating Few B. Idyslevyi circulate in the bloodstream
in their blooxl, of the infected mice, but relapses can be ob-

The crocidura' group is characterized by served (262a). Rats are not sensitive to B. laty-
minimal pathogenicity for monkeys, e.g., Cyno- chetrii according to Sofiev (262a), which is
cephalus (47), and by a greater sensitivity of new- unusual for a Borrelia that is quite pathogenic
born mice and rats and no reaction or a mild one for mice. Guinea pigs do not react to this Bor-
in adult rats but a serious response in young relia (27, 30, 262a). Rabbits show only a transient
rats (26, 134). Rabbits are refractory (26). infection.

B. crotdedrac, the type strain, c-auses fatal B. wneuzuelensis (B. neotropicalis) is able to
infection in young rats and in hamsters (44, 45). cause experimental relapsing fever in RMeaux
The Egyptian strain is pathogenic for rats and monkeys (33). The incubation period in mice and
mice, and causes transitory parasitemia in new- rats variis according to the number of organisms
born guinea pigs (106). injecte•d. iorrelemnia of I to 2 week-' duration
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follows, after which the number of circulating from absence to high sensitivity, with variations
organisms diminishes in the blood, but the in- according to the strain and the age of the guinea
fection persists in the brain (83, 233). Guinea pigs. Rabbits are not helpful in the differential
pigs may be infected with B. venezuelensis (92). diagnosis of Borrelia but can be used for anti-

B. mazzoUi (98, 204) does not infect guinea body production. Hamsters have not been
pigs. employed widely in Borrelia work as yet. Table

B. turicatae is communicable to monkeys. Mice 2 summarizes the essential strain differences as
and rats can be easily infected, and, although established by the experiments related in this
the organisms are rare in blood, relapses may section.
occur. B. turicatae has been recovered from rat
brain but riot longer than 6 months after in- PATHOLOGY IN EXPERIMtNTAL ANIMALS
fection. Guinea pigs react according to age and The response of experimental animals to
strain (56). Borrelia infections diepends, among other factors,

B. hermsii is highly infective to monkeys and on their age and metabolism. When dormice were
easily established in mice and rats (289), but these infectod with B edispania or the V zbek strain of
qualities may vary with the geographic origin of B. persira before hibernation, the B&rrelia dis-
the respective strain. Guinea pigs (92) and ham- appeared faster than when the animals were
sters (74) ,,re also Sensitive to B. herwisii. kept at room temperature. If dormice were in-

B. brasiliensie could be transmitted to mice fected during hibernation, borreliae could 6-
and guinea pigs (97). Few data are available recovered for a much longer time (165). This,
concerning this strain. undoubtedly, is a phenomenon which can be

It was shown that, in attempts to classify correlated with metabolic ch'anges during hiber-
borreliae according to the response of laboratory nation.
animals, the number of the borreliae in the The influence of borreliae on the metabolism
inoculum greatly influences the reaction of the of infected rats has been studied to some extent
animal host. The incubation time often fluctuates and may Serve as a clue to further research.
with the dose and the route of inoculation. Host B. recurrentis produced large quantities of
variations may play an important role. Some lactic acid in the blood of rats, resulting in a
animals have relapses, and others do not, even higher carbon dioxide respiration and, at the
it injected with the Same species of Borrelia. peak of the infection, accompanied by hypo-

The experimental methods have not been glycemia and depletion of liver glycogen (122).
standardized. Some researchers injected crushed Severe disease developed in rats that were
lice or ticks into animals, under the skin or into protein-deficient (140) or thiamine-deficient, or
the peritoneal cavity. It seems that Some con- both (141), when they were injected with B.
Atituent(s) of the arthropod body enhances persica. There was no chang- in the relapse rate
the infection. The results of feeding arthropods on or in the incubation period. Guggenheim and
animals, infecting them through mucous co-authors (140, 141) believed that the concomi-
membranes, injecting infected blood -r organs, tant caloric deficiency was the cause of this
or introducing infested crushed urthropods, phenomenon. Subdeficient diets had :io influence
may be divergent, even with the Same strain. In on the course of the disease. This observation
addition, one has to consider strain variations. probably has no bearing on the metabolism of the
The axiom that no two Borrelia strains are corn- Borrelia, but represents a condition which re-
pletely identical (167) is actually not such an duced the host resistance to infections in general.
overstatement as it appears at first. The fate of borreliae in experimental animals

All these factors limit the value of animal has not been studied to a stisfactory extent.
experiments. Generally speaking, young animals Borrelia can be found in the capillaries and sinuses
are more susceptible to borreliae, perhaps with of the organs, especially in the spleen. There is a
the exception only of B. dutfonii. Monkeys, mice, variation in the intensity of the lesions according
rats, guinea pip, and rabbits are the most com- to strains. Some authors found that splenectomy
mon experimental animals. Unfortunately, most in rats has no influence on the infection (20, 22);

p authors working with primates used different others observed an increased susceptibility after
monkey and ape slircies. Mice art, sensitive to all this operation (168).
strains. Some authors prefer rats because, if The role of the reticuloendothelial system
these rodents are susceptible to a given strain of seenes to he important, because its bhwkade may
Borrelia at all, the infection will last longer than turn otherwise resistant animals sensitive to
in miice. Borrelia (293). When this system was blocked

Guinea pig susceptibility to Borrelia is a with colloidal iron in rats and mice, the adhesion
differential diagnostic characteristic, ranging fornation was slower (57). Fixed phages did not
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TABLE 2. Susceptibility of laboratory anitnal. to borreliae

Eorrelia Mice* Rats Guinea pigs

B. recurrentia Y oun g more suseep-I Young more suscep- Some young suscep-
tible; disease mild;I tible; disease mild; tible; adults 0
blood positive, 3-5 blood positive, I week
days or longer

B. hi. panica Young more suscep- Young very suscep-1 D isease may be severe;
tible; disease mild;~ tible; disease mild; Many borreliae in blood
blood positive, 2-5~ blood positive, I-
days Iweeks

Crocidurne subgroup IYoung very suseept ihle;' As in mice UIsually 0
long disease

B. dultoni Old more susceptible;1 Old more susceptible; Young more suscep-
long disease I long disease tihle; long disease

B. peruica Long incubation; mild1 As in mice Very severe disease
infect ion

B. lalysheryi Few borreliae in blood 0 (?)0
but animals sik I

B. veneziselensis D~isease mild; bloodi As in mice Susceptible
positive, 1-2 weeks

B. inazzollji D~isease mild; bloodl Am in mice 0
positive, 1-2 weeks

B. hiricalac D~isease mild; few hor-1 As in mice Only young susceptible
reliae in blood

B. parkeri D~isease mild; few bor-' As in mice Only young susceptible
reliae in blood

B. herinsi Susceptible; variable As in mice As in mice
picture

B. brasilientibs D~isease mild; blood! As in mice As in mice
positive, 1-2 weeks

AlMice, especially young, are susceptible to all borreliae. Monkeys tire susceptible to practically all
strains.

resp()ndl to live lxnrrelIiwe, but they ingested (deadl While ervtltrolvsisa is not fohservetl in routine
1 mrreliae (191). lPoliniorphontielear cells were tissue I "rel arat ions, Roliert son (245) proved
seen to take itl) fragments of borreliace (269), but that all laboratory animtals sueeessfitlly nece

they do not seemn to play a role in the pathogene'sis with lxmreliae show an anemia which is essentially
oif relapsing fever. liorreliae will adhere to them, inicrocyti( anl hypierchromtic with a strong1
even if their cytoplasmn has bieen damnaged (3). ret iculocvte resl morse.
It seems that shortly be-fore the crisis, ho~rreliae Of the sensory organs, the eyes suiffer mlost
roll upl and are takeii up by the endothelial cells freqitentlv. Inoculating the eyos of rabbits was
(if the spleen1, liver, and IsMP Marrow (269). pmro~s~et by lilane il al. (39) for the differential
Surviving isirrelia.' remnain in these organs and diagno-is of Borreli'i strains. In his exlieritnents,
in the brain initil the next relapse. B. hisjxtnca prtimrtted lesions similar to syphilitis

llo)rreliae are- probably destroy(4l in the bodly keratitis; B. distolei and( B. Pierionext gave a
by antiiMnlies, not by jshaltoyto~i. (l16-%. 151). different h'istological picture. Moreover, B.
lit the brain, they semto lie bietter proteetisi eInUorii cauisied a strong local reaction. Unl-
frmi antiboiesli- because of( the( anatoiny of the fortunately. only few Borreuia strains were used
bloodK supply (196). in these expierimientsi.

'Ihe brain chianges have hienm Mnfimdisl with the( Indueett, the data on the relationship of celltular
novyi strain of B. rreitrrenfix in white rats ( res ) on'sstse and immuntomlogy in liorreliassis are
lulorreliat. Were present inl the rajiillar;.- of mix-t mneaster.
parts4 of the boraini. Trhere were tno eltange in the lLo~o
nerve cells., but anl intenswe inivrolilial reactiotn
was present in the# cortex. It is tmtknoiwit whether .gliaiO
there 6~ a relationship lietweemt this reaction andl Skra preparved against Borre-lia, t-lieriallY
the st rong neurot rupisin oif -4)1111'.m, B. pe-rsiuv) when used in lower dilutions, have a tenttlencvý
anal the weak uetirlrt i~n'p of other 6%g., B. to give ns~-ec on t tau ~ly with other no;_

Ifirit-toloo) -train-. rdin specries but al611 with Trr'jianrmna (210)).
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Hlindle (u sM, 159) called at tent ion to the comn- mouse sera in complemient-fixat ion tests. B.
Iplexily oif thet agglutinating antigens and con- /iispanica was thlt test organism. Only low anti-
sidleredl this test technically (liffhcult Autoag- body levels were observed with 1: 10 and I :SI
glutination of Ixirreliae is commnon, and is often dlilutions of the antigen. Stein (2614) achieved
seen in the bloodl of mlan and monkeys duiring satisfactory results by use of the sajsonin-treateil
disease. blood of rats infected with B. r#'currepitis or B.

Stein (2(N), however, achieved satisfactory Ihcrinsii, containing at least WO INrreliae lier oil
results with B. recoirrentis by use of sapionin- immnersion field. Woistenhoine and Gear (294)
treatedl rat blood in macroscopic agglutination inoculated B. dudionii into 7-day-old chick
tests. Adller and Ashblx- (3) found signifivaint embryos through the air sac with 0.4 ml of heart.
agglutinating antiblody levels in rats infected with bloodl of experinentally infected inice. After I
B. persic after the attacks. Ilalteanu et al. (32) week at 37 C, the 4chorioallantoic vessels were
studliedl agglutinini titers in man and observed opened andl allowed to bleed into the allantoic
that they rise after attacks, reaching their maxi- fluid; 0.1 mld of this mixture was used for further
mlum (luring Collvahescence,. egg inoculations. After 10 weekly passages,

Because of the inability of Borrelia to grow in lphenol-saline was added, andi, after ventrifugti-
artificial mnedlia and the difficulties involved in tion, was used &As the antigen in dilutions of 1 :25
their separation from blood, animial organs, or andi 1: 100). Positive reactio~ns with the first of
fromn the fluids of the dlevelop~ing chick embryo, these dlilutions w~ere considlered diagnostic.
it cannot 1we explected that the study of Borrelia Syphilitic sera did not give piositive reactions
with the aidl of the classic agglutination test will with this antigen, but typhus sera did. This test
achieve any degree of popularity, is seldom1 used in dliagnostic' laboratories be'-

Adheson Penomnoncause- of the difficulties encountc-red in the p~rrpa-

Hide 19)adhes aron (254)eurveyeetilt ration of antigens from some borreliac which are
HinIle(l5) ad Shuhrdt(25) srveed he not easily aptd to dlevelop)ing chick embryos.

literature onl the adhesion p henomienon. Little aat
adhesion is observed during the early stages of Borrelioeidai A niibodies
infeclon but the p~henomlenon biecomes- in-
(rell.ingly tipparent as the (lisease progresses. Thet-borrelioicidal activity seems to bie identical
Adhesioni is obsrved in animials and man js wihat-orl ctyin(114). lklei'zki andl

before the end of thet attack, when lxorreliae, are U'nianskaya (35) bl)VieVed that this antillody is
ready to disappecar. It, is followed byv fraginuena- mlost implortaxnt in the defense against Borrelia.
tion of the infective organisms. Tfhe adlhesion An eorti (S) found that B. didlonii survived in
test is feasible also when only a few borreliae are- the presence of normal guinea. pig, rabitk, pigeon.

present in the blood(. Moosm .-t (211) found that, fowl, and horse sera. It was killedl by nornmal
in the adhesion phenomenon, liorreliae form cattle, goat, and sheep sera. sers fromn pigs gave
aggregates or cling to red and white blood cells dlivergent results. This effect (lisaplilared after
to slidles, c'over slips, and[ to bacteria like Eshi thl'iactivthebood or thet serum of (ice) fowl, andt
chin coli addled to the blood. If red blood Cells are ta h lXIo h cu fnie ol n

treated with homologous anti-red blood~ (Pl sea iow embryi-os destroyed B. ddisopiji in vitro, but
there will liN no adhesion of lherreliae to red hlotil ol the f-IENMI or the seArum of fowl killed this
cells. Adler and Ashhel (3) saw bl-nrrliae clinging organism in VIVoI.
to thet nuclei of leukocytesi. but only after tilt, lalteanu mt al. (3*2) found high lysin titers

(Iroiltoplasmlo~ was after at tacks in Mian, especiially in conva14M-lesets.
oftrx-d th ht lo creslsallif et al. (17a) eXAmlinePd 3.7M1 human smr.

(lestor-hghs ttrs o :0,)ewrd.iere
Thel teciunique Elf thet adhesion test 1o4sits1, The it s ies oI:0tN.wr bev~

muixing fresh serum with an ellual anaeeunt oif a duiring thet crisis of the first attack, Thel lysins
suspens~on of horreliae and of an E. were ,,nus-nnhsadevnlngrateh
lNi~~enion, incwlihationi for 20 min at 30 C, and beginning (if the dis'a~se. Ballif et al. found the
reading thet result w~ith dark-field illumninationm. ly%'in* to he' relatively stable, in vitro but cibsterveel
If old s- rum is Usedl, the addition of compijlemient that treatment of thet Patients interfered with
is eeces,=ary. This itest vwtiw developedl before more their .fornuation. M-iter (22) verifiedt this in
Modern techniqlues for such reactions, .'.g.. the elm'flriients, with H. hisimapnira. The'v sra of

use of rest hleoal c4ll6, were introducedl. The' pat 'ret. and guinea pigs showed lynin- for several
ad~hesion test is no longer used1 for olia.gntsti.' months, butt the reultsý were imcomll.iitent 51141

work because of its variationsA in patients. 4 111011,1 not W, utilim,4d for at reitrospective 4liagnfih't5.
ILysin-fast -trains, may deivelopu (W9 :72).

('opunepicIrm Fu'atioto l'enatis horreliso' forni aim ant ilvdtu durinK their
l'idiuanti et al. (112) prepared1 anfixiens from ni journ in the bodly (272). Ldmin andl antilysimi

rat bloodl mud u%,41 thenin agminit human and undlerpi oiwt-idt'rltbl varimitionsý durinit -xl'Wpe.
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The usual method of testing for lysins is to duttonii strains collected in Tanganyika dis-
mix scrum and borreliae, incubate at 37 C for played little cross-immunity. Mice infected with
2 hr, and observe the result under a microscope. the strain marked "B" were refractile to strains
It is possible to set up the test directly on slides. "C" and "D)," but not vice versa. Geigy and

Burgdorfer called this phenomenon a "one-sided
Immobilizines immunity," probably a type of )reimunity (133).

"1he immobilizing antibody does not represent Similar observations were made bv Addamiano

a large molecule, because it could not be .,edi and Bahudieri in Jordan (2), using two strains,
mented by .entrifugation at 80,000 rev/mmn Irbid and Husu. They called the phenomenon an

(194). According to Calabri (61), it is related t 'asymmetric immunity." On thf. other hand, the
the ad).Accobuing t a 6 reted Kenya type of B. recurrentis ga';e cross-protec-t h e # - a n d 7 -g l o b u l i n s . i n .i u h a i t a g i s B . d i o i b t n t

Immobilizines may or may not be related to tion in mushbbies against B. dshwongi but not
lysins (254). Levaditi et al. (194, 195) proved regularly in monkeys (128), showing overlapping
that man, mice, rats, and guinea pip. 1o•Kqs-4 cross-immunity between representatives of two

immobilizines for a long time after infection. Borrelia species. The novyi strain of B. recurrenUis,
They appear in the mouse blood even while live and B. duUonii, however, were shown to differ

organisms are still present in the brain of the from the three Californian Borrelia types. by this

animal. B. didtonii recovered from the brain, test (83).

spleen, and blood of experimental animals during . Schuhardt (254) concluded that reciprocal

the latent phase of the infection was resistant to immunity is not always the rule and that even

immobilizines. This resistance was not lost in the varirnts of a single strain collected from the

several animal transfers. Levaditi et al. stated !anme patient at different relapses do not show

that this resistance develops under the action of complete cross-protection.
antibodie on the Borrelia and that it is similar lBecause of these difficulties, the cytolysin test
to the immobilizine observed in Treponema and the interpretation of the Pfeiffer phenomenon

infections. Ranque et al. (243) expressed a similar are often preferred for establishing the presence

opinion, of cros.%-immunity.
Vaisman and Hamelin (276) studied immobili-

sines against B. duatonii and B. hispanica. They Relapse Strain. and Phase Variation
observed that immuobiliuines were highly strain- IDuring the first attack of relapsing fever, man
specific. This was confirmed in our experiments and animals develop a relative immunity against
with B. parkeri and B. htri-alae (Felsenfeld, the infective agent. This immunity may be only
unpublited data). of short duration (1). At the same time, some

Lyvins and immobilizinets secm to present characteristics of the causative Borrelia may be
valuable tools in Borrrlia studies because of their changed under the influence of the antibodies
strain ani relapse-variant specificity. They art, producd against them, and so-called relapse
probably the most important antibodies which strains develop (249, 249). These phenomena
moslify horreliae in animals and eliminate theiui have been discus••ed at length by Hindle (159,
from the body. 160), Johnstown (167), Russell (249), $c.uuhardt

('ross-I'rortrio,, Testis (254), adl Stavitsky (267).
According to Burrows (59). relaps, strains

B4ck (34), Joh•stone (167), anl ,$c4huharnt occur because of the antigenie instability of
(254) reviewed the difficulties encountered in the Boerehia. Relapse strain, of Rorowlin acquire
evaluation oif aninal-lIrotit4tio0' tests in BIrrlia dlivergent immnuumoiolKiteal reactions whAh
infections. Immunity to one strain of a Borolia may remain fixed when they ar' transmitted
lxecies 4l4.,s not convey resistance against anoxther from one animal slpic.hs to another biut as a rule

strain of the same slpc's in many instances, disaplpear in the insect vector (10). Relal•m
D)ubois (110). for exanile. found three iniu1un- strains setie to le limited in ihe extent of their
logically different B. dustoii strains within an variability but usually develop specific ildividual
area of a few -luare miles in IRuanda. Siimilar chanrateristics. l'assag throulgh animals twy
observation.- •,,n numae in Iean with H. prira change their srolaiit*a ritruwrtwk! but at the
(239). (olas-•lleour (,1) n'portied that nuhie pIro- eml all final realse strains rract in the e ow
tected A ainst reinfection with the san' ,,train in closely similar ways (167). It seems that in
wen. only ,lightly refrawtory to other trains olh rerlaping fever one 4eals with a cycliea diries,
the a-m, speies of o/ ian belkonging to the due, to a cyclicl aWgnt. This IhVl" true also for

nroN'hurm', sulhgniul. Of thn'4, f. fierir-W antrLitn, trvll •'aolomata which behave like horn'Iiae in
only two sbowied r.nmssirotet-tion (17-6), Six . Plany t 1 lwet".



The plasma collected during the( crisis (of an The antigenic schedules suggested by Cunning-
attack contains antibodi-~s which delay the ham et al. (90, 91) did not gin I oularity
developmnent of lxwrelemia when the plasma is because there are differenees in the immunological
injected together with Borreiia into other animals aspsects of each individual Bori'elirz --train.
(61t). Thiý- activity is not destroyed by preserving
the plasma at 4 C for 4 days. If th Mcaplse is Reinfection
terminated artificially, by the( use of a drug, The literature contains repsortsA concerning
unusual variatiorns in the antibodies and in the surprisingly short periods of immunity in mnan.

Borriiuwaybe osered.Simmons (260) stated that reinfection can take
The virulence of the relapsse strains is fre pulace in 2 months; others (292) said that this

quently lower than that of the original -,train may happsen in 40 days to) 6 months. Apparently,
(175). Virulence, however, is a relative attribute. a revaluation of re-urrence versus reinfection is
Expserimenting in mice and with B. rerurrentis, desirable also in relapssing fever (115).
Kro4 (182) found that strains of high virulence In areas where relapsing fever is4 a.demic, tOe

and oodimmnisng ualiiesprouce an disease is usually more severe in newcoment
acute infection, whereas those with low virulence (191, 284) because of the early experience of the
gave rise to recurring attacks. Apparently the local inhabitants with borreliae, but little is
faster formation of antibodies in infections with known about the immunological responsesf in
organisms carrying more effective antige- uh ouains.
termiinates the (livase more rapidly. Immunity in animals seems to last relatively

Schuhardt and Wilkersn (255) saw multiple long. In guinea piWs, for example, jpremunity for
Borrelia variants developing in rats4 infected 2 year, was observed (256). On the other hand,
with B. leeriatae, even after injecting only one hooded monkeys could be reinfected with the
single Berrelia organism. Thus, relapsse is aIn Tripollitan strain of B. hiapaxieva after only 6 to
immunological phenomenon resulting frorn the 9 months- (221). S4ujwrinfections in nonimmun~e
inherent capaceity of the Borretia to undergo animals gave intemfsing rl-ults. Ahen hamsters
antigenic variations. and Rhesus monkeystinfected with B. reritreasil

The number of antigenic variants differs from were supserinfected with the Chinese strain of
strain to strain. Cunningham (89) described a B. recurreMis, the monkeys did not respond al
variation (if the carteri strain of B. rcffe1*D"ItI all and the hamsters k devlopd only mild in-
from a phase called "A" ito another mll1ed "it" fections (75). %Whn mice infected with B. Jut.
with a tendency to reverse. lAter he and his tonii were st-perinfected with B. croriduar. and
co-workers (90, 91) found additional pthases and B. hiepaxiru simultaneously. the pteriod (if cirru-
(concluded that phase A appea~r% in the first lat ion of t he horreliaa' in the bloo wait proslonged.
attacks, pshase It in the first relalises. anld phase C but there was no change in the rourse of the in-
irregularly but mostly in the second relapsse. 1) fect kn (I72).
to H were found in the second reilapse and I in ('k'ariv. much additional informatittn is "e61e
the first relapse. A. It, 1), and F. seemed stable in this field.
and definite; F was rare, persisting through many
Isaa.'ages btut usually suppslanted by It, G was IN"Wiary IMMawvN~l
related lto A; C. 1). and F. its It. In rman, miwtly oi (24shwdtate44rnttf
A and It were found. H andiIur rmrer feak Nirn (224) e showe tht Ihe Nachuriango
fribi proiuikno"d attacks, usually 14togthr with WI femi fal .rat" ewt immune anst &h 4 NerMI
Mhase variation was observed also ill ticks-. Ap 6tru)l du4, ZP.P twrrhe AWe reimmne forM eWo
many a,. nine ftwrneM variants wATere nd in a th) ay'aat the titilo inf we ~irain. ~obrn clname

sigetick (110). Mrkinwy (Sri) rejmrtst Ax t thte Isan"tibste w!r a rtansfre kw**lwth rog
sat igcnwi Binrimn variant' in rat.% When *1tudu ins lnia ! oa wunu Uwt v
the Chinee !-train of( B. nrrrls Rww~l 14.40411 feVer during jqeguanrv howverf. atuvt-
(2419). e(girriminenin with rfrsP ion termitatep the lift. 4 the fetuss. Antiholiium~
oobsrve lthasvý A and It. later als CAr were found in the nvilk (W4~). No further late
immpune Itutis- were transyferfrd !rin aniomal it are availahk' on this, impotriant pWMhlnu

antimal duringt the inocualatins .h .4* sidrrrd
it nererpoary it, collert 'trains in the beinifnigs fit
the n*4-je whent ther iF less' &ntil*XIu atiuitV. ft. rvrunrrathiame' !. kip*mn did wit mnterfew
jg~rvrli -,traivinfu n -skl reaptsthcnsl anti- with s(piril"us Minus infoetisalp in Mixs (in.

weirlv seerl timt% heat the numb"w of mv- 114).
!adapltivi efrWkiisflu waL limitedi in thOW-cqrri Temt. aed for the diaxwo'io' v i -1`1406 maky

nwnt' herine 's~'ti~eduringt tv4sausan fkver. 11ws



Wasoierniann reuetion was~ jxa'itiv'e in 30" (of After that, tryptanosotruila apiteared4 itt greater
the psatientib in China (71) and in oeere vase' it, thll- tuet11mhcr unil the ankitnala. died ill M to 4H) dalas.
Visited State% (2161), buti it appleairedl to Its pnd.i ('anitinati (67) e'xistrittteiite'eI with thr'eestrains
tive only for a short jus'rioel (244). The Kuhn oft Tryprnnotsmuni andlft. 11bel1ion. R. (1119onij
reaction wa s jwwitive' in 151, (of paitients' in ('hitso retardedv T'. brie. a, T. gamobit-sixr, and T. r'1ed-
(71), transiently ponsitiv'e in 4 of '24 e'a'es in ,imrdltut inifec'tions in mn'iv. Interferenec' ee'c'urrc'l
('i'jirs (107), awlnd pgtive in sis'k psersions in oinly when large tttimlN'r- of Borrelie 'irruilatetel
Kenya (12K4). iii the' bliwicl. 2.d-I)neeaipoaocext roe-~,

When 1H. rercurre~iexj was itijece'tel into tnn'c' v'itantinl C'. stind% oitawhruetne' shlid no alfee't this
harlsorinji, Leptoipira idrrohise'morrhagneu, the' antagonism'.i. liter,' were it. lonti- Tr.ypn'otonuap
"tiltise(of the infecioien dlid twit dliffer fronut that antilsolie!. in the sera tot anuiitati treated with
o~ircrveel after the itijectioni o(f B. rcrearrenfiw IB. vId~opii zilone. In anlintaSI inifected4 With
alone intoi healthy' ankie- (114). Iiurre-lito, lc'-er susept~iblility ts) Tryoiojn~anoan

BS. dululoni did noit alter the eamlirse' tof rosac'kie wa, noletel also, afte'r thea IAorrrlia ilisauiprareI'i
It vinas infc'tion in ini'e (1W2) noir that olf fti.Ae-U.M fromt thll- klossl.
Pida (('ojridla) "'arsidii in guiw'as pi (3s). The14 enc''huni'ein lof till, interferenve tot Borre. i;

Rt. burnr~i stll not inta'rfera' with H. hixizmoivafl~ uilt Tryjpsana~mousv is tnot well iandlcr'.esual u&" yet.
infectionl ill rMt* (199). Thew"se' 9Pa'tiera tr' in, aiqal rc'lata'e. Sitfl' "4011111'

'flte' relatioinship oft lworre'liae tit ty phus fev~er lIsrreliac'. like' 1B. pe-rxia'u tto not hisplai itnte'r-
is all inter".titig, ierobhli'. Ill manu, aggluitination ier're'nc' it is dliffiua'lt lic alce'ejt the thetory tha~t
tes~t.- with OX K aittiven." were leksitive it, re- thtis is tnerely' the result tof u genetlic' r-latif'ilhipe
tlassing fev~er it) higth titers in .Afric'-t, butt with be'twce'n Bo~rrela mond Trypautwimyto. Vinacent's
OX 19 in ontly' a few in."t anc'es (170. 2910. tlhi~iry (279) that inat-iciphage' Iturtis'ilietiont is

It is noit known whe'the'r huirreliae interfere- thei cauw' of interference is lookt Isrei' eeut Is v thll-
with ri'ke'ttsiae- in the- louse.. ()heervattions during htisteiltntieal hindititg' ~se'en in Iitith infstfci'icn-.
Worldl War I 4howed that epiedeinie'* e'ait-4ae by S'inc'e thll hiawc'l-niistry oitfiir~rlin andl TryImno-
thc'se agc'nts insrreas-' sitnitiltani'ei-lv hln ei'- xtone. antigtens untd antlecehie'.iv has twit Iu't'i wvorkedl
e'reas-" separntely (W13). lin an outbreak in Add1is anit r'anipileiely a's yet. tav imye £Iistmcui that a
Al,:iha (170), epittr'nitia rettllsing fc'~ei tchsap- huc'ttcr tinteherstanteling oft the leie141eie, will re-ilt
* icar'el sooiner thtan tvp jhu", litt Yuagos'lavia, after ficini such -tudit-'.
W,41t War II. reIxiv-ing fev'er was necrt' c-cuinuttu Gallhia,- c't al. ( 123)i ntliaa'cl the 144ilw ueititi'nii
ill 60valit ies where, e'picleinti typhtis wma- rare (211%1. tit antagoni-ot for the' iliffe'rt-'tiatucin tot tick-
P'e'rhiaps tlle' v-ariwieL 1.4rreiu andl R. proarn-arki hesirne lisrrcliie'. nhu.% 'seinii'ihia that loitte lts'
"torains. hav-e diffe'rent itiflra'n-t- till 1-34-1i ethte'r inift-c't't'lw the' usuknei~wn oir nnl't

A a'lne"' reuliticinshiwi leetwe'c-n huorrliNA' an114 fklrrdaie lkwrain; 1Ihc'l. ait theA' heiVht 14fth till' i~
soinv iae ' anal I'isaul lmreitauzasa ha- lmc'en retisirite'd attac'k. that T. twco-i Ilte ne-tel iiimere -. rvive'

Nordrin ine-iii teartivulsl d-inic'alh' lateni foir ao leinti 1mw. motd it "4alti- evron tipi-teer lto 6-
jAjAMaueuid eloffamil~i inf'tieritku in 1itan t(). c-knrA-. till- usnktuiius% -trnimi tt% N;e It. didlienii.

Iratilmant (273) 'wa- the- first it, erlc',narient ft. ett-rremIt,1. motrinistsi. ct It. 4.vordonr,e- It
with 1'rylomaannsesto awd R4rrho iii 1h6- "anie' 1hen'- t.obo poiveie-cla unast the'- miie-s c16' withins I
tunintual. Ialelet "aruniti agin'tIt. *IlmIloeu ins1- week, the- ebrimili-11 144 II 6t' 8, IhI5im I.aw' It c 1.
nativsisilxii 1lcw'. 11tv ugjjl anhinate- T. Irwumi anwl gwroaa-ut. It th-n- arr' vaiiabl' e-edsit. f. bt uricetiss,
vie' vcfa h*-~ to, Iv's- 'il-r-l

It. rraridiewnr andl It Iefw. do e*$; 'a~ ihsc' lile' Tlhe- awsi rulmei'xst". Ill (eallin"arc c-i . ane intsir
-lion it iief e imsee tivtorulil vsith?'. Oes ~seiaw t 1%7). ct. d'ircnthe'uaii- r ir r nt -ci Sa'w
lt. hiagaausn %&- kt--' 4"'-te~s' than If rIuffiteii lasirn-tuw air ashistrcl lto the-ir twkl rccr the
in ne"tinf- tra1shin with T. rkwduiria,'a WM.'~ Iav-islei fri-keissAn-hti lo'tawmt" the' 94itIe--s~

lnifn"'.tlitt rhaseuseleevc-a clv.va'r'ziiun"t- xci sut-rc- I- NI ith- 1' Ivfwae Isailitins Aciuveit 14
towds- lay Vitorvfl (r*9i. Wh" t. muus,4sltirah the- rvj*4tle-c-t es- troviin -trait. "%a.% l'sie
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